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l ] mi *ftfcK*Sftfc**© K M yjg 
KM y&ifc«ti&& K-^-r^ Iti:, 

si ^ittM^7P-f^ y^ • y- hagmt£ 

-f >y • y- h*wtt»R&H-5 =i v h n-^ 
• y- nft«t#fttR»s^ fck, 

*SftSS©7n-f-f • y- h»Wtt*«KJ: 

y K-^ts^tk, 
v-^SKftww^BttJsnfcH^o^n-x-f y^ • y 

h n-;u . y- Hitt»fi:7D-f>f y^ • y- h 
^^y^-y-h • y *y -7 u-s«©»i6;Sfto 

t^^ry^, y-*i£»««©— 

Si ©-9->f FM7D-f^ y^ • y- h^lSorfi^^ 

K^tt^#Sl/:7o-7 < y ^ • y- h®i££ 

SM&Lfc K M y&tSc^lSO-SPOJitr^ffi-r^ct^tz 

^^TV^^c:i:^#a^:-r^|f*^lfem^D3y^^ h 
u^-^n-x^y^ - y- h • y y • r u-<g@<rj> 

^wi:=Sr^ai:-r^if*3SlfSWony^^ M/^-7 
o-x -r y ^ • y- h • y y • r u-^Sc^Kig^r 

[»#«5] uy h • y- h«»tt**»j&^ o 
N0^&ft3»^i:ft«r»i:r*»*a4IB«fl!)3 
FM'7a-7^ y ^*y- h • ^ * y • y p-^e 

[»*K6 3 mi ®«jBtt4Mttf, »l 2 0*y^* 
h o-A^T©7n-7 -f y^ - y- hfl-ftKiaLfc^ 

3® l iBiKon y ^ nu^*7D-7^^' y- h • 
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y- h*«tt«Kc:»La:v^aft*f *-»{t«*a* 
•7d-7^^' y-h • y^E'j • r u-^H0iSig 
*ri:4»«i:Ta»*SlIB*©3V** bux • 7v 

mi #i»ic«*an, jtMLTtttt&nfc^ftaibRiH 

«*SrtSISC HI© K W fco, mi&Jjfo 

*M6*-hc* l ©&iii&%S&ia:tt-.5 ti, 

• y- h e*ttiMr*ttits r ha, 

y-X&ffeMJsgi;fsi^©KtilSnfe7n-x^ >^ • V 

• >tD -7 U-©Sfjg73fe,, 

40 7 o--r -f y<f • y- h#mttt/®=SrSCt 

sett, 

7o-r -< • y- h^SttfeKfcg-S 3>h n-;v 

^u-t 1 ^ • y- h^mit«-if4-eT7-f 

F U VlfiftffiKtrflS 1 ©^*5: € o fc HTK 
50 zf?ZZtt. 



3 

^ l t □ > f d - ;^g»f jic; 7 a - f o ^ 

• y- h^m&feS£g?. &&<Dmm&mm0?T*w 

y- h • y * u • r u-<z>gfig;£ffio 

in si *i&icjefcsnfc¥»**«ii* 

^ y 1 C!)ieKkttft««:*#r « r k, 

^^^y^;v®iStrKmicr)»iji:ttfeK^ 

k, 

7n-7^^-y-h?lMW770l 

- y- h#mtt#»«rai-5ift»«**jai-r*^ 

4:, ^Lt3> h □-;«ttMM7a-7-f 

• y- h^mtt^s^s^^&c^^mtt^a^ff 

[0 0 0 1 ] 

h7>^X^$:ffl^f;77'r>aEPROMt;K 7 1/ 
[0 0 0 2] 

I'&KO&m 77r>aEPROM(i, ^»%tt<7>m 

£o :ne»(577r>aEPRQMtt, ^-y^rtCD^^ 

0^"r^>|g^$r<iA-rV>^ o 77-r>aEPROM©^ 
t'J • -fe;Wi, x-^^^n-x -f y<f • y- h + 

n?.efl7o-7 -f >^ • y- h • h7>s?7^sfflv^ 
T^jflcsnTv^So 70-f^ • y- h tt, ots 
— tttofcte#v s i -efts &n-c*3 9, y^w* 

h n-;b • y- hXti7- K»d»e»l6»Sn"C 
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[0 0 03] 7o-f^/'y-hfef^-^t?>i: 
V^ftfM*. 77yS/aEPROM<0VD^7A"7r 

^^^ti^o :©^fy^it y-hStfv-^m 
ir 1 2*;u hfic!>:fc*3©IEcD«ffi*fflanU X. KU 

=feW^P*r^r J^TfcSi'U JJril, *y H • xU^ 
h aycDaAtr ■fcoTfcSft^o 7D-7^^-r- 
h fcx -f **-*-S>-r*ttflsW:, 77r>aEPROM 

70 • y- h £ h ?>i?X9Q>V-X£<DK (V-Xffi 

*) . Xti-7n-x^y^-y-hh^«*S«i:©P B 1 

[0 0 0 4] 'tiL^y^ y > E P R OMODflliiRtf » 

£o Mukherjee. et ah, U.S. Patent No. 4.698.787 i 
ssued October 6. 1987; Holler, et al.. U.S. Patent 
NO. 4.780.423 issued October 25, 1988. y ^ y i/ a. 

eprom<z> i cizmrz Ao^safBtt, &<djcm 

^;j^^f)ntV^^ 0 Woo. et al.. "A Novel Memory Cel 
1 Using Flash Array Contactless EPROM(FACE) Techno 
logy". I EDM 1990. Published by the IEEE. Pages 91- 
94atf f Woo. et al., "A Poly-Buffered "FACE" Technol 
ogy for High Density Memories" 1991 SYMPOSIUM ON V 
30 LSI TECHNOLOGY, page 73-74 n y 9 9 h 1/X ♦ T U — E 

&o Kazerounian et al. "Alternate Metal Virtual Gr 
ound EPROM Array Implemented In A 0.8 (M Process f 
or Very High Density Applications" IEDM. Published 

by IEEE 1991. pages 11.5. 1-11. 5. 4 Q 

[0 0 0 5] 

CWtfrXlRl] Mukherjee. et al.. U.S. Patent No. 
4.698.787 issued October6. 1987 

CW«\S:iK2] Holler, et al.. U.S. Patent NO. 4.78 
40 0.423 issued October 25.1988. 

[#4#M\S:fRl] Woo. et aL. "A Novel Memory Cell 
Using Flash Array Contactless EPROM (FACE) Technol 
ogy". IEDM 1990. Published by the IEEE. Pages 91-9 
4 

[##l^S:fiR2] Woo. et ah. "A Poly-Buffered "FAC 
E" Technology for High Density Memories" 1991 SYMP 
OSIUM ON VLSI TECHNOLOGY, page 73-74 
[#4$ff:£lSS3] Kazerounian et al. "Alternate Metal 
Virtual Ground EPROM Array Implemented In A 0.8 
50 (M Process for Very High Density Applications" I ED 
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M. Published by IEEE 1991, pages 11.5.1-11.5.4 
[0 0 0 6] 

[S^^lcfc-ptt^SS] Woo et al. &Zf Kaze 
rounian et alCD ffiHEttfc J; ^ X W 6 <£ -5 tr . ^ y 

W*SfSot^So BflB. ny^^ h ux . y u-ti, 

-tr;KI &%>T U-fc J;o-C^J56$nT*3 0. S#>&£n 
^&Cl£^£nTV^/fltT;&S 0 Mukherjee et al. 

"Ctt • y • -tJi'izM it "a- 7" • * * 3 y 
9 9 HMSfcSnSo faSfc&£>tf, y • 3^^^ 

frPMFfcfcS. H^, ?/W^*J:0-I/h8<LT, 
-b^-r-6AK:«fflSn*l»16LfcKU>f • tf 

cooo7] *§£w&, ±mzm^xu^ntzho)x\ 

&y*y • -tr;voD3cS.trP§*r^l>(7)TfeO. m& 

a E PROM^r/PSfflV^^^E U EIK S - £ 

[0 0 0 8] 

U • -fe;i/ (77*r>aEPROM^) tt, — 3©V — 
Xlfi«cJ§*2ffl<Z>-7n-r -f y^ • y- h • h 

£< *><E>T&oT. tt«Ef*» ! i:S2© KM 
IMfcy ¥»#S«fc»oT»j«sn 

1ft«tt©^ffllKJ»j0cSn*o 7D-f -f y^ - y- h £ 
a y Fo-;b . y_ ^ . ftSSJafeV-x 
««*t)0 2 5U**€>&**St-b^j&*5>»jflESnfc KM* 

y-y-x- k w >«JBKi»UTiass-r*«t^c»jfli 
k u-f yffi»««u * LXim&>&*&wt7 j ><d 



(4) M2 0 0 3 - 1 7 9 1 7 1 
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>^7^^b45-b;n:»Lt, Z.m<D*9)V* ny* 

[o o o 9] *&w<D»i<Dm&tz ctntf, rne>cD^& 
© K u-f y-y-x- K u-f >*Jitf— i c 

[0010] A»<lt, 1 ffl<Z>y *y[HlBj&*, #*#N 
JU. MfTJ&*5&*V»*r;w£*t'*Kffl<01^7 u-fc 

^/unis^snfc**©^- k»#**o vat 

ttS J ?:n J encD?lJ^r*5V^T, Mffl©V*-b^©SB 1 9 — 
$ i-frlZfc&ZtiX^Z&frcomffiV v h«3&**-6o ± 
aJO^n y ^ * -tr h • h7ys?x^li, V8f-fe^<3!) 

fi^tr/CCTWJCE-r^JEiSEif y h ^^SR^tx^gE'r 

*v»-fe;K3!)*2^— $^;utrjie^snTv^-5o jE«tr 
* hjf&^^£n*r?y-fe h • h 7>s?7^ii, vs 

[ooi i] ijSfiOct-Sft^^u-te^xup-tor p-s 

©S^^r&^HW^nTV^So IlSi^Sli, ttT 
©<fc-5fc«rt3Jx*. Hll35ri»lKHEfttfc*ft©KU-f 

ssc^^e tr t fc « « © mm ±mm z. wj& t s 

:i:;7D-^^ - y- h»m&fe®=Sr, 4: 

m^miZZ t. ; ay h n-;w • y- h^jjttt^S^:. 
7o-f^^ - y- h§tMt:Mt§: t ; ^* 

f^D-f^^'y-hSittMtaot, 7D- 

wfc : y-^tt»««* K-yr«rfc : y 
50 -^M*kBlllLfc7D-f^^.y-hWtt 
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• y- h a^m^feM^ j; o t y ^ ysii-cBaiTac: 

-y-T^r H : V — ^S£«C«««r. K-y^y b£ffr2© 
K-Y*-*£i: : «SJB** V -xRZf K L-T > 

»«**e>ft*ff*:, ^y ^o-;^^£jg^M5H;&t/yo-- 
x>f y Y • y- h»*tt*«*«-5 J:-5*r»J«-r-5C: 

to 

[0 0 12] 

[fFffl] *Si©7o-f^ y Y • Y- h • h^ys** 

ffif^o am*. mm?z> Ku>f >aify-x • tr* h 

»©y*;w • y-x (iRfflY^vK) tf y h 

Fl/>f>^y^ MRXtejEtttTv MftfcfcfcK 

5o fS2tr», 77r>aEPROM7l/-li, 1f^7 

l/-^»8ns»7 7y ^aEPROM7 

t:rn- KSnfe^n y 9 • -te V ^ h IK tr J; ^ tl^^ 

f& l ©-tr;u • 9 << YTMi, -feyKoy-^flOfi, 8c^<© 

if**-b;u*3ttA»36cy-xtB*f^ffld*»!1*-c& 
^>o set, ^ftoas^Y- k • a * Yy y Yttj^sw© 

y n-x * y Y • y- h • # >j s i jba* k u*r 

->V • y- h©7n-f^ > Y'Y- h • sKU S i tr^t 
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So 

[ooi3]x, »i o>»a»sm:n«. -b/u«a»r 
it^yn-x^yY-Y-h • Y s 7>*?%9K.**)vy • 

{|«0^J^7n-f -< y Y • Y- Mr-tr^uy • 77^ 
/0 >$ns 0 seoT, k t"f y-y-x- k b-f y*gj& 
r iz-Mtc^^^ y • -b;i/ • h ^ y s>** tr *f 

©Ho h y* u v Y*«st-rso 

[0 0 14] 

astrs^v^Titt^-r^o hi. H2ii, *§&wizmz> 

7 7 y "> i E P ROM^SOIUSSS^tkLT V^^o H3 
20 tt. *ftflf:«J:577y5/aEPROM8l0y i Ey|il 
«8©Yn * ^HSr^LTV^So B4, 05X^816. H 

1 fi, PROM© KU-Y >- 

y-*- K U>f V@(&*J5S (y-^*«»4:r-6— »© 

tt, *1 ©SBflf y h«l 0at/fg2©^m*f y hBl 
1 ^^fCV^^o »1 au t »2©J9BftTy h Jf£ 1 0M 

>MV-x$:tt§*< 07o-f^^ - Y- h • 
h^y^x^fi. SJJrfcTv Mill 0, 1 1 ai/SBffiffl 
Y^y Kim 2*rfe^snTV^*o ±^&© h^y^y^ 
^©y-xti. SWlEfiY^y K«l 2trjg^$nTV^ 
So i 3t^^n^i i ~9\<b h^>*j*9(DV\"< y 

%>fg2m<Db?>i?X9<DFl"(>\t* »2©SBfbfy 
Mil n:IS64h3i fl yn-7W yY'Y-h • h7 
40 y> F X^©y-hti > 7- K«WLo7!rSWLNKe^S 
n§o js§, ::t*7-Kl («jt«. WLi) fli 

2?lJ©h^y^^^ (Mlfh7>^x;i6) ©Y- 

[ooi5] 7a-f o^ - y- h *^*-*y-r<&» 

fftt^ 77'r>iEPROM-fe;K57°a^7A-777 

Yfc*tfnSo :n«, y- haofy-x^tr. i2# 
50 ^he©*s«cjE©«EE*. Kw-f yat/y-^pj^ 6 
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• y» FMV-^WF-N h (V 
-*JB*) Xti^n-x^ y>/ . y- hRi/^^^SS 
M©F-NhV*^«« KcfcoT&S 

*t£o y y-h*«*-r**v 

)V h@gt:ftHAM U y-xtrl 2#;H*Xl±8 

60 y- ht:ft0/W7^^Jn^§: 

CO 0 1 6] H 1 K^$nTl>5 £ -9 Si ©JKi&tf 
y hB 1 7 fc»2C!>j2;«fcr v h tft 1 8«\ #KMy- 

60 »10JK«fcTy MSi 7ti, y ?;u-ffitScn ^ 
h 2 0 £^LT±SPtf>:/n • -te U ;7 h • b ^ 
* 1 9©y-*K:*§<&*an-c^*o I2©E^ 
hTyHRl8t±, * ^-ffiftnv*^ h 2 2&4hl,T £0 
±Si$(E>7a • *iU9 b - h7y^^^210V-7 

1 9, 2 1 © K U>f Vfcfc, Si ^15^2^©^^ 

y h«i oat* 1 1 c ^ft^nis^sft-cv^o _ba$ 

/D^.-fe^F - h7>^XM9, 2 i^y-h 
tt, ^-f y 2 3 trBJJnSns^n y ^ - -b h«^-T 

BSELia-^tsja^n^o 

COO 1 7] SBHRJl^yFJRl 2ti. T€»:/n** 

mmum^f^y k«i 2trjs^$n§ 0 t3$cd:/o 

y ^ • -te U ^ h * b ^ v x ? 2 5 y - 3 y ^ 
^^24 £ig#£n*o Tas©-/n y ^ . -fc h • h 

SPCDT/ny ^ - * hf^BB S ELtr^ot^lJfflia 

i^5 0 d^-* Statu ^ h jz^t, SiE^fr 40 

CO 0 1 8] J£«tr y btt 1 7, 18li, 7U-&&T 
lit, J ttl-?tl<D#HiU9 h - h 7>^7^ 27, 2 
8^J£UfCV^S 0 h^V^X^ 2 7. 2 8^cfcoT-trW 
^ hJKSEtfy MR***;/;* • rv/M^o^^A • x 

L"C, ?U-fe h • h7V^^^270y-7li, JEJ£ 
\f y h JS 1 7 CJB^ S n. JU-fe U ^ h • h7>->^^2 

-tr h • h 7 V^X^ 2 7 £> F U-f Vfi, 3 y 50 
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^*2 9fc»*3ftT^6. 

CO 0 1 9] H2fcjRLfc4MB[C!>'9-:/7 B 1 K 

jS^nt^^o H2fi, &&<D 1 C<Dft<D2ffi<DV7T 
^- : Sr0*LTV^^ o -9-^7 U-ii, -/SgilsgS 0K» 
-pTIK7>$n, -A«i5 0*6±«»:^7U-5 1 
A*, TSBtr^y7 1/-51 B£*LTV^ 0 S 1 
Dy^52li, Ify MR (MAtf, Vfy M67 0. 7 
1) tr»oTS2cD^D v 9 5 3 i:(iS*ft»rE«snT 
v^So — *f©try m»7 0, 7 1 cf>±gp. T^tr. :n 

ec^t'J * -fr 77 U-fi. ^^^-J£fflC3>^^ h 5 
5. 5 6. 5 7. 5 8£#ffi£ U £i^7>Koy 
/^^54A> 54 B («fc&Sfctti£*JB) c^ct^tr 

»^te>j^tv^§o fifi^yF • 3V^^54A, 5 
^itri/- • v Fatf«*»*ffiiiiBcie#s 

^ ^;Wj^5 9 ^r^ffi tTV^S7 

7 U-OEec{i. J£«lfy hiStr^f 12 h^>i?x? 

• -fe;v^5>«:SJUSfc 0 2f@cr)> 9 )V - a y 9 ? V - ¥ 
v*tiK * Ity ^;HKffl^^> KI8 5 9Ki«-UTti-9- 
7*7b-Sfc0 \m<0*9 - h - 

[00 2 0] M^. H2C^Silfc2fflC!)-9-77 

fn/n^ • -tru^ hffTBSELA, TBS EL 
B, BBSELAStfBBSELBCJiotttt&Shi 

Shfc^Vf ATti, #^7"7 1/-*8yn^^5,ft 
0, 3 2ffl£>— *tO h 5 ^ • ■b;ui:#JU© , 7— K 
lftj&*e>fco-C*3 9. 5 121flD^^'1f7*7l/-tf* 
0, ^fH 6*CDJK«tfy ^^^.^3 2*© l 7- K«*« 

• 77yS/aEPROM7U-*»fltHlS. ^nti, 
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^•-teU^h-h^y^x? (ffilitf. b 7 y it 7.9 6 
5 A. 6 5B) ti, lUaSlflSfcfc^Ttt, ^i:l^cV^ 

^ h • h^y^**tt, 0 6 t::HLTT9$t::0^;*ft 

TSP^n y?'*zV?b-b^>Z?X? (Will, 
65A, 65B) ti. B»-f 6<Effli/7 > F • ^— $ * 
;W6 0 A. 6 0 B ^ — fS<DT -i Vl> — i/a>- h7>^ 

[0 0 2 1] 03li. **BCffi577yS/aEPRO 
M I CCDlStStyo y ^Ht*5o 77r>aEP 
ROMICtt, B2KljRLfc^ i E'; • 71/^ 1004* 

u **o*»-t^i 0 1*, aflFLfcy^y • 7 1/- 

> FRvm£;Mm&mm*&t£7v * ? i o 3, *7-f 

»ai;7*D ^•■bl/n- 7*3 — ^Sr^trT^o «y ^ 1 

04, ^ Lt?jf3-^at;fii^7y f • fn-^ 

#tr^n 7 1 0 5 *«*.TV*S 0 #RS*r;U 1 0 2 ti. 

£<b£ff-&-f 5 7n ^103(Dty7'7>^ 

t:^$n§ 0 #»t;n 0 2(j:, -/n ^ ^ y 

±^TM$n^:J;7^77 7^aEPROM7U 

Xj-fu v ? • -tr h - ^3-^ 1 0 4 afetfJU&uMRffl 
^7>F • xn-^l 0 Tt^-tr^V ti. ^t«J -7 

1/-10 0rt<O^»ffc-fe;i/fcH8iL»<& J;7f^ Mfc 

ttflSn5fifi^7>K, K >RZf7- FttCDWffi 
SrlSlJlB-rSfcai)©^- K • 3 V h o-;HeiK 1 0 6 =Sr* 

CO 0 2 2] *»Hi:«577r>aEPROMt^a 

ufia^igB-efiefflsn^-fe^cDS^ft^, 04at;/ 

M04D£05 A73/M05 D> 06A7!/M06 
D 0 7 A7!?II0 7Ct:<fc &WiW&\lZ <£oT7K£tt"CV^ 

**M#H4 A7iSH4 DfcB5 A75SB5 DKHSS 
tt, P'l^Si^MSlOOtMU £<*ne> 

nfcLocos7-f-/Phm^nt^f:j;DT, as: 

K 1 0 2££/S£-tf£ 0 *fc, »^BfkRl0 3A«7 
^-^KBft»10K 10 2(5^flC!)***Sfiia 



(7) ^Hfl2 0 0 3- 1 7 9 1 7 1 
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y -/TM*. 7 * h l^X h •77^104tf7-f-A'K 
BftftlOl, 10 2©Mi:ftiSn, 7 
-f-^Kitt^lOK 1 0 2C*KttK¥ff«fc 

**7-f FKfttt 10U7*M/S?^h - 77^1 
0 4 fc©Kk Jklfy* -)V Vmitm 102fc7*M/^ 

x h • -7^^3.0 4 ^co^tz^^^n^o ni k-a> 

/0 SftI 1 0 3 tl IT WfrSfi 1 0 0 C >( ^ > ftA $ 
F»{fcttl 0 iat/1 02»:J:oT^7'77^>'S 

ns Q 

y Ml 05M1 0 6jWMtT*fc«>*i, 4^9#:XtE 
100f:ftASnfcNIK-^yh*7--;HT, S 
ttftT^o Sfc, K^yift*1 0 7, 10 8#&tt 
fc?*MSl0 5, 1 0 6ft«-5«t-5C*J5SanSo H4 

x^*$n. f it h >*^K{bKi i o*« k w yffi 

«CtfyM6l0 5, 1 0 6<DffllZ±!&2nz> 0 b > * 
Mil l Oof $ti, ^©^JSffilcos/^^A-Cfi, (5 
1 0 0^-y^^ h n-ATfe^o L)&»U hv^;H? 
<tmi 1 Of*. 77y^aEPROMWIiei 2 0 
*>^hn-AJSlTt?J»5o cfc «?*l^Ifcfl:RfcJ\ uv 
-E PROM*^© £^ft^li*te*;i/Km^&n#* 

h»1 05, 1 0 6 OT_bgpcr>^<bJK 10 7. 108li, 

:oxfy7"tttfii o o o*y^* h d-a^^t 

[0 0 2 4] H5Ai:SSn$*fl!)7f y^li, * V S 
i»l 1 1 ©*1JB*«»L. -CO^'J S i t^mftK 
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